re~airs chromosomal breaks (4). It was also re~orted that leukoUtilizing six age-matched human fibroblast cell strains (three normal and three Down's syndrome) cytotoxicity, DNA repair, and X-ray mutagenesis were measured. There was no significant difference in the colony-forming ability after ultraviolet (UV) or X-irradiation between normal and Down's fibroblasts. Similarly, UV-induced unscheduled DNA synthesis was not significantly different between normal and Down's cells. Finally, a comparison between the spontaneous and X-ray induced mutation frequency at the hypoxanthine-guanine phosphoribosyl transferase locus demonstrated no difference between the two cell types (normal and Down's). cy;es from Down's syndrome patients exhibitid lower levels of UV-induced DNA repair synthesis (unscheduled DNA synthesis) than did leukocytes from normal controls (10).
cy;es from Down's syndrome patients exhibitid lower levels of UV-induced DNA repair synthesis (unscheduled DNA synthesis) than did leukocytes from normal controls (10) .
In an attempt to further investigate the problem, the authors report here a series of experiments to measure: (1) colony-forming ability, i.e., survival, of Down's and normal fibroblasts exposed to either UV or X-irradiation, (2) unscheduled DNA synthesis (excision repair) of Down's and normal fibroblasts after exposure to UV, and (3) spontaneous and X-ray induced mutation frequencies at the hypoxanthine-guanine phosphoribosyltransferase (HGPRT) locus in Down's and normal fibroblasts.
Speculation

MATERIALS AND METHODS
Down's syndrome has long been recognized as a cancer-prone
Primary fibroblast cultures of age-and sex-matched normal and human syndrome. Chromosomal radiosensitivity indicated the pos-Down's syndrome individuals were provided by Dr. D. Segal sibility of faulty DNA repair leading to the accumulation of (Department of Pediatrics, University of Alberta, Edmonton, Alsomatic mutations. Because no biologic differences were detected berta). These cell strains have previously been examined in terms in fibroblasts, the predisposition to cancer (especially leukemia) in of their in vitro cell cycle, origin, and growth (18) . The LeschDown's syndrome might be due to abnormal DNA repair in the Nyhan cells (GM 1362) were obtained from the Human Genetic white blood cells of these individuals.
Mutant Cell Repository (Camden, NJ). The cells were grown in modified Eagle's medium (Earle's balanced salt solution with a 50% increase of essential amino acids and vitamins) supplemented It has been recognized now for many years that children with with "nonessential" amino acids (1Wo increase), 1 mM sodium Down's syndrome are at an increased risk for neoplasia, especially pyruvate, and 10% heat inactivated fetal calf serum. Under inculeukemia (8, 9, 14, 15, 20, 22) . In addition, chromosomes from bation conditions of 5% Con in humidxed air at 37OC the cells individuals who are trisomic for chromosome 21 exhibit an in-had a generation time of approximately 24 hr. creased aberration frequency (exchange type) after exposure to
The cell survival experiments were conducted similarly for UV gamma rays (17) . Chromosomes from Down's syndrome individ-and X-irradiation. To determine the percent survival fraction of uals have been demonstrated to be more susceptible to the chem-cells treated with UV, the cells were seeded in 100 mm tissue ical mutagen 7,12-dimethylbenz(a)-anthracene manifested as an culture dishes (4 plates per UV dose) 6 hr before medium removal increase in chromatid gaps or breaks (16) . It has also been reported and UV irradiation. After attachment, the medium was removed, that fibroblasts from patients with Down's syndrome are more and the cells were exposed to a germicidal lamp (GE 15T8-15W) susceptible to SV 40 viral transformation than are normal controls which delivered a flux of 10 ergs/mm2/sec(l J/M2/sec); fresh (1 1, 25) . Chromosome breakage after viral infection (chickenpox medium was then added to the cells. Growth was terminated at and measles) has also been reported to be more frequent in approximately 2 wk; at which time the colonies were fmed, stained, Down's syndrome patients (5, 6) . and counted. Implicit in any discussion of chromosomal sensitivity to mutaIn order to determine colony forming ability after exposure to gens and cellular susceptibility to oncogenic viruses is the role of X-rays, known dilutions of cells in suspension were irradiated with DNA repair. After the demonstration that an initial stage of DNA a General Electric Maxitron 300 X-ray machine. The exposure repair may be defective in the cancer prone human syndrome rate was 184 R/min (250 kV, 20 mA, with 3 rnm of Aluminum xeroderma pigmentosum (2) and that fibroblasts of these XP filtration). The cells were immediately seeded in 100 mm tissue patients had higher UV-induced mutation frequencies than nor-culture dishes (4 dishes per X-ray dose) and were permitted to ma1 fibroblasts (13) , a number of other cancer-prone human grow for approximately 2 wk. The colonies were then fmed, syndromes (Fanconi's anemia, Bloom's syndrome, and ataxia stained, and scored. telangiectasia) have been suspected as potential DNA repair muUnscheduled DNA synthesis was measured after UV irradiation tants (3, 19) ; the authors include in this list'DownYs syndrome. after the deficient medium-hydroxyurea protocol (21) . Using a micronucleus assay for chromosomal damage, it was Measurement of forward mutations to 6-thioguanine resistance reported that the increased frequency of chromosomal aberrations (HGPRT) was conducted according to the protocol in Table 1 . As produced by X-rays in cultured lymphocytes in Down's syndrome can be seen in Table 1 , a replating technique utilizing multiple patients might be due to a defect in the rejoining system which expression times was followed which allowed us to characterize ' Average of four plates.
Corrected for recovery of Lesch-Nyhan cells as described in Table 3 .
the HGPRT mutation system for our cell lines. In addition, a reconstruction experiment (Table 3) designed to measure the recovery of 6-thioguanine resistant Lesch-Nyhan cells seeded in the presence of normal and Down's syndrome fibroblasts was performed after the protocol of Albertini and DeMars (1) and Jacobs and DeMars (7). Table 2 depicts the protocol utilized for the X-ray, dose response experiment. Figure 1 illustrates the survival of fibroblasts from normal and Down's syndrome individuals upon exposure to varying doses of UV irradiation. A total of four cell strains was employed (two normal and two Down's), and as can be seen in Figure 1 (a and b) there seems to be no difference among any of the cell strains tested. Figure 2 represents the survival of six different cell strains (three normal and three Down's) exposed to varying doses of X-irradiation. As was the case with UV irradiation, there seems to be no significant difference among the cell strains tested.
RESULTS
Although no important difference was detected between normal and Down's syndrome fibroblasts in terms of their survival to irradiation, because it had been reported that there was a DNA repair deficiency in Down's syndrome (3), it was decided that UV induced "unscheduled" DNA synthesis might be an important parameter to measure. Figure 3 clearly demonstrates no consistent difference between the two cell types (normal and Down's) at two doses of UV and two periods of 3H-TdR incorporation. The authors are quite confident that no differences exist between normal and Down's syndrome fibroblasts in their response to ultraviolet radiation as measured by cytotoxicity and unscheduled DNA synthesis. However, as reported previously in this paper, Down's syndrome cells do exhibit increased sensitivity to X-irradiation as measured by chromosomal breakage. In light of this observation, the authors conducted a series of experiments to measure the spontaneous and X-ray induced mutation frequencies in normal and Down's syndrome fibroblasts. The rationale was that X-ray sensitivity as measured by chromosomal aberrations might indicate a defect in the chromosomal rejoining system which could potentially result in the f~a t i o n of mutations.
In a preliminary series of experiments (Table l) , it was determined that the maximum recovery of X-ray induced 6-thioguanine resistant mutants occurred at 8-10 days after irradiation, followed by a subsequent decline in mutation frequency for both normal and Down's syndrome cell strains. Consequently, an 8-day expression time was chosen as the time of maximum mutant recovery. Figure 4 clearly indicates that at two doses of X-irradiation (150R and 300R), in addition to a OR point (spontaneous mutation to 6-thioguanine resistance), there is no difference between the mutation frequencies of normal and Down's syndrome fibroblasts. Table 2 presents the data, used for Figure 4 fully corrected for -mutant recovery as measured using prototype Lesch-Nyhan cells -DOWN in a reconstruction protocol.
DISCUSSION
The observations dealing with increased sensitivity of Down's syndrome cells to radiation, chemical carcinogens, and both oncogenic and nononcogenic viruses led us to hypothesize that perhaps the susceptibility of Down's syndrome patients to malignancy reflects errors of DNA repair systems leading to the accumulation of mutations. The authors now know that increased -frequencies of somatic mutations are associated with cancerproneness, i.e., xerodenna pigmentosum (13); therefore, a dem- function in Down's syndrome (12) . There also is evidence that DNA repair capacities may vary depending upon the cell line one ies on the comparative cytotoxicity, DNA repair, and induced Fig. 2 . Survival of normal and Down's syndrome fibroblasts after Xmutagenesis in Down's and normal white blood cells would be irradiation.
warranted. 
